CRISPR/Cas9 system is a powerful tool to produce the genetic modification in plants and animals such as mouse and zebrafish. However, this technique was less reported in fish model medaka (Oryzias latipes). Here, we describe an efficient and rapid procedure for genome editing in medaka tyr and generate a stable albino strain. The Cas9 mRNA and gRNA for tyr gene were injected into the embryos of orange-red medaka, and the tyr gene was disrupted in more than 90% of embryos in F0 and F1, which were validated by observation and sequencing of targeted locus. The pigment cells were largely decreased in the mutant medaka because open reading frames of tyr were shifted near the targeted locus, generating albino medaka. Taken together, this method provides a detailed procedure to generate the genetic modification medaka by using an optimized CRISPR/Cas9 system, and the new albino medaka provides an important research platform to study the pigmentation.
INTRODUCTION
Traditional gene targeting tools are valuable for functional genomics study. Several gene editing technologies such as transcription activator-like effector nucleases (Miller et al., 2011) and zinc-finger nucleases (Kim et al., 1996) have been developed to improve the targeting efficiency. Recently, the clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas) technology has emerged as a powerful tool for genome editing (Jinek et al., 2012 , Hwang et al., 2013 . CRISPRs were discovered in bacteria and archaea as an adaptive immunity against viruses and plasmids (Horvath & Barrangou, 2010) , and it takes advantage of the RNA-depended recognition of specific DNA sequences by Cas9 endonuclease (Jinek et al., 2012) . The Cas9 protein direct sequence-specific cleaves exogenous DNA by binding to a chimeric RNA and a single guide RNA (sgRNA), which includes a protospacer adjacent motif (PAM) NGG and 20 nucleotides complimentary to the target genome (Mali, Esvelt, & Church, 2013) .
The CRISPR/Cas9 genome editing technology efficiently produces DNA site-specific double strand breaks, gives rise to indel/ Abbreviations: CRISPR, clustered regularly interspaced short palindromic repeats; PAM, protospacer adjacent motif insertion-deletion in the target DNA and results in amino acid frameshift mutations, producing a loss-of-function mutation (Song et al., 2016) . Mutations are inheritable due to a mosaic targeting of the germline. For instance, the CRISPR/Cas9 system has been induced mutations in many animals including zebrafish (Chang et al., 2013 , Hwang et al., 2013 , Jao et al., 2013 , common carp (Zhong et al., 2016) , tilapia (Li et al., 2014) , and Atlantic salmon (Fraidenraich et al., 2014) .
Among different species, an optimized codon Cas9 is usually required for editing efficiency. The hCas9 and zCas9 have been indicated their effective usage in mouse (Mashiko et al., 2013) and zebrafish (Chang et al., 2013 , Jao et al., 2013 , Zhang et al., 2016 . However, the application of CRISPR/Cas9 system was less reported in medaka (Oryzias latipes), a small fish model used in developmental biology (Wittbrodt et al., 2002 , Ansai & Kinoshita, 2014 , cell biology (Hong et al., 1996 , Hong et al., 2004 , and immunology (Yuan et al., 2013) . In the present study, we test the efficiency of gene editing in medaka tyr by using the zCas9 and establish new albino medaka. (Jao et al., 2013) and sgRNA were prepared, and embryos were injected accordingly (Supp. data). The potential founders in F0 mosaic embryos were observed under microscope.
The F0 mosaic founders were incrossed to produce the adult germline F1 fish.
Mutation screens by sequencing
For mutation screening, the injected embryos (10-15) were collected at 1-day post fertilization (dpf). Genomic DNA was extracted with 
RESULT
We designed and tested multiple sgRNAs for primary experiments, and only one sgRNA produced more than 90% mutation in tyr locus as validated by PCR and sequencing in F0 and F1 embryos Although most of the embryos lost pigment in the eye during the early stages (n = 139/152), the mosaic melanin was predominantly in the F0 juvenile fish and only a few adults generated the albinism (n = 2/152). It is possible that only one tyr allele was disrupted during embryonic development, and this phenotype can be rescued by another allele. Compared with the low ratio of albinism adult in F0, the number of albino adult fish increased to 91% (n = 169/185) in the F1 progeny, in which more than 90% fish show the amelanotic red eyes and colorless melanophores in the skin. On the other hand, the melanin was almost absent in the developmental eye (F1 progeny) compared with partial melanin in the embryos (F0 progeny) ( Figures 2B   and 2C ), indicating that dual tyr alleles were disrupted and produced albino medaka in F1 progeny (Figures 2D-2I ).
DISCUSSION
Many albino medaka lines have been established by natural mutations.
For instance, the medaka fish albino mutant i 1 exhibits a complete albino phenotype because tyrosinase gene was disrupted due to insertion of a transposable element-tol1 in the first exon, resulting in failure of melanin synthesis (Koga et al., 1995) . Amelanotic red eyes and colorless melanophores in the skin are two clear phenotypes in i 1 (HyodoTaguchi et al., 1997 , Kelsh et al., 2004 . The homozygous i 3 locus mutation shows a weak tyrosinase activity in embryos and fries, but no activity in adult fish. The i 3 gene acts upstream of i 1 in the genetics of pigment cell development (Hyodo-Taguchi et al., 1997) . The generation of Tyr-i b is due to the deletion of the tol2 element in the promoter region (Iida et al., 2005) . The i 4 albino strain carries the tol2 element in the fifth exon, in which exhibits a quasi-albino phenotype with skin as bright and red-wine-colored eyes (Koga et al., 1996) . The tyr-i 6 allele exhibits a complete albino phenotype because tyr-i 6 has three deletions of 8, 44, and 245 bp in the second intron to third exon (Koga et al., 1999) . Therefore, disruption in the promoter, exon or introns regions of tyr produced albino medaka.
In this study, we generated the albino line from orange-red medaka by using CRISPR/Cas9 to disrupt the tyr gene in the fifth exon.
This phenotype is similar to the i 1 medaka, whereas the generation process and mutants' locus are different (Hyodo-Taguchi et al., 1997 , Kelsh et al., 2004 . In addition, the efficiency is relatively higher by using the codon-optimized zCas9 and a suitable candidate sgRNA, which only one sgRNA produced high mutations here.
Moreover, we have used the CRISPR/zCas9 system to generate more medaka mutants in different genes (unpublished data). Taken together, the present study shows a rapid method to generate the knockout medaka and also provides an important research material to study the albinism.
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